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Abstract
The invention of 5G technology is expected to revolutionize wireless communication,
technology, and capabilities. One major challenge in realizing this vision is the actual
deployment of 5G nodes and the development of 5G network infrastructure. Higher
frequency and shorter wavelengths that are characteristic of 5G technology is expected to
decrease signal range radii of 5G nodes, which could have serious implications for the
implementation of a 5G network. This study assessed cell signal density and cell signal
coverage that could be achieved using existing 4G infrastructure in the city of Detroit.
Results indicate that existing infrastructure is not capable of supporting a new 5G network
and that significant investment in infrastructure development will be necessary to generate
comprehensive 5G coverage within the city of Detroit. Ultimately the implementation of
5G will require a telecommunications overhaul and significantly more planning and design
than may have been originally anticipated.
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1 Introduction
The invention and integration of technologies such as the telephone, internet, and wireless
communications into modern life and infrastructure have had lasting effects on society.
The ability to communicate and interact with others without being in the same space, or
even on the same continent has completely changed business practices, the economy, and
interpersonal relationships in recent decades. The creation of the 3rd generation cellular
network (3G) in the early 2000’s, which allowed for internet access anywhere in the range
of a connecting antenna/tower, has spurred the development of smart phones, social media,
live interfacing, smart phone applications, and the transfer of large quantities of data. The
initial success of 3G technology drove the development of 4th generation wireless
technology for cellular communications (4G), which would perform faster than 3G
technologies and allow for the integration of other wireless technologies (Hui & Yeung,
2003). As we become increasingly reliant on wireless communications and technology,
and continue to develop smart devices that rely on secure and fast wireless networks, the
need to further increase wireless network speeds and capabilities has begun to be addressed
with the design and early implementation of 5th generation wireless technology for cellular
communications (5G) (Andrews et al., 2014; Gupta & Jha, 2015). The purpose of this study
is to assess how well current 4G infrastructure can support the up-and-coming 5G network.
Results will allow for an assessment of the work required to develop a comprehensive 5G
network in a given location.
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1.1 Overview of Current 4G Infrastructure and Technology
The 4G wireless network was released just over a decade ago. While 4G technology is
generally considered commonplace these days, it required a massive infrastructure and
technology effort in order to be successfully implemented (Gozde et al., 2015; Hui &
Yeung, 2003; Sigle et al., 2009). Establishing a 4G antenna network with good signal
coverage and connectivity between antenna using remote radio head (RRH) modules and
fiber to the antenna (FTTA) networks required a massive investment of time and money
(Kardaras et al., 2010). Despite initial challenges in setting up these networks, they have
been successfully designed and implemented in numerous places, allowing for 4G
connectivity throughout most of the country. Continued implementation of 4G in locations
that do not yet have it should be relatively easy now that telecommunications engineers
and companies have a better understanding of what is required to set these systems up.
Existing 4G technologies offer data rates over 100 megabits per second, efficient and lowcost use, and a variety of impressive capabilities including the implementation of graphical
user interfaces, advanced gaming, and high-definition images and video (Krenik, 2008).
4G technology advancements paired with network improvements that allow for increased
speed and decreased network congestion as compared to 3G (Huang et al., 2012; Sule &
Joshi, 2014). This has allowed us to access mobile videos, email, video-chat, game,
interface with home technologies, and many other things which we all commonly do on a
day to day basis.
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1.2 5G Technology and Infrastructure Needs
The implementation of 5G technology will be another challenge in terms of updating
infrastructure and network capabilities. 5G technology will provide significantly faster data
rates in the gigabits per second range, which will allow for enhanced speed, decreased
network congestion and the use of more advanced technologies supported on the network
as compared to 4G (Andrews et al., 2014; Chang et al., 2014). The major change in 5G
technology that will allow for this is the increased frequency and decreased wave lengths
that it uses as compared to 4G technology (Chang et al., 2014; Delmade et al., 2018). While
this will greatly enhance the speed and decrease latency of the network, 5G technology is
not compatible with current 4G infrastructure. The differences in wavelength and
frequency result in a much smaller signal range for 5G technologies as compared to 4G.
As a result this will require the establishment of a denser antenna and fiber optic network
which will have to be emplaced within the current 4G network as those locations are
updated with new 5G antenna and large fiber optic cable lines (Andrews et al., 2014; Chang
et al., 2014; Ge et al., 2016; Oshima, 2016; Sule & Joshi, 2014).
This presents a significant engineering challenge, as the exact working range of 5G antenna
needs to be tested in order to determine how to update the network to support a
comprehensive 5G network. Simulation studies have indicated that space may become a
limiting factor in the ability to successfully deploy 5G (Ge et al., 2016; Liu et al., 2017).
This could create significant engineering and cost challenges as telecommunications teams
work to find unique solutions to install antenna and fiber-optic cables where they need to
go to generate a 5G network. In addition to this, existing antenna and fiber optic cable
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networks need to be updated as they do not support the right wave lengths or frequencies
and do not have enough fiber optic cables, respectively, to support the amount of data
transfer that will occur under a 5G network (Chang et al., 2014). In order to plan for this
infrastructural shift a predictive coverage analysis for 5G demand needs to be performed.
This study assesses predicted 5G signal coverage in the city of Detroit, MI if 5G updates
were made using only the existing 4G infrastructure. Results will indicate how much work
is required to update the network and provide comprehensive 5G coverage in the city of
Detroit.
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2 Methods
The following analysis was conducted in the city of Detroit, MI, which hosts some of the
highest population concentrations in the state of Michigan (U.S. Census Bureau, 2012).
This case study aims to analyze if existing 4G wireless service infrastructure can support
new 5G wireless service across the United States. Given the fact that the 4G wireless
infrastructure dataset for the entire country is rather large, a case study using the city of
Detroit was used for this project in order to decrease computational cost. When setting up
this project and analyzing data, two primary assumptions were made for existing and future
antenna sites:
Assumption 1: Existing fiber networks will provide fiber only to existing antennas.
•

This assumption is necessary as this is a signal-based study and does not take into
consideration what is necessary to build new antenna or fiber networks. While the
construction and network development needed for new 5G towers and
corresponding network connection is an important part of this process it will not be
considered in this study.

Assumption 2: Core signal strength for the 5G signal antenna type will be constant.
•

There are many factors that determine the strength and distance a signal can travel
from a given cell type (i.e. 4G or 5G antennas/nodes). This is represented in the 4G
analysis, as signal range data has been collected in a variety of settings. Factors that
contribute to 4G signal range include height of antenna, obstacles such as
mountains, buildings and trees, signal wattage, user data sue, and weather
5

conditions. For this study, the universal core strength range is used for 5G analysis.
5G utilizes short waves for antenna connections which can reach a maximum usable
distance of approximately 300 meters. Based on this standard value, 5G nodes will
be assigned a 300-meter radius for a serviceable area.

2.1 Data Acquisition and Pre-Processing
Cell site data a was acquired from a private vendor of cellular service, namely Verizon
Telecommunications. These data contain not only Verizon tower data, but data from all
cell towers in the United States. Due to the inherent large nature of this dataset, a small
subset in the city of Detroit, MI was used as previously mentioned.
Each data point represents a cell site. These sites can be macro sites (large tower, high
wattage, maximum signal distance), small cells (small towers, i.e. light poles, tops of
buildings, lower wattage), and antennal nodes (antennas positions inconspicuously in
multiple places, including indoor locations). Each cell has many attributes, but for our
purposes, we utilized the location, signal range, and activity (if activity = 0 the cell site
data was discarded) data from each cell.
The study area contains approximately 8,713 4G LTE antennas. This number changes
slightly on a daily basis, but this was the number of antennas as of July 1, 2019, when data
for this project was collected. Antenna locations were geo-processed and projected using
the ArcPy package within ArcMap v10.7 (ESRI, 2011) to show spatial distribution (Figure
1). Using these locations, the signal coverage of each antenna can be produced by buffering
each point with a radius equal to the industry standard signal range estimate of 300 meters
6

Figure 1. Spatial distribution of 4G LTE sites in the City of Detroit: The sites are
segmented by their classification of signal range. For this project, the ranges were
broken in to five range categories. Distances are measured radially in meters.
(Verizon Wireless, New York, NY, USA). Doing this at each location generates
overlapping polygons in certain locations, which are representative of areas where there is
signal redundancy in wireless coverage. Understanding signal redundancy is important, as
the more signal redundancy a single location has, the better the signal connectivity and data
transfer speeds are in that area. These two kinds of data (signal coverage and redundancy)
provide critical information for understanding overall signal coverage and signal strength
in an area. The overwhelming redundancy in the City of Detroit makes it impossible to
visualize where, and how many signals are crossing, however, this data provides a basis
for performing density and intensity coverage analyses for 5G wireless technologies.
Infrastructure design currently analyzes two critical aspects for telecommunications
construction planning. The first is overall coverage of an area, which in most metropolitan
7

areas is not an issue. The second aspect is redundancy of signal strength, which is essential
for efficient wireless network use in high population density areas. The following signal
density analysis takes the number of redundant radial signal polygons and is mapped as a
signal strength map. This predictive analysis is performed in three phases:
1. A signal density analysis that shows overall 4G/5G coverage (including redundant
density)
2. 4G/5G signal strength redundancy analysis that illustrates where the strongest signal
repeaters are located
3. Combining both signal coverage and signal strength to generate an overall “Cell Signal
Coverage” map for both 4G and 5G (antenna replacement) areas.

2.2 Signal Density Analysis
Density analysis was calculated by using a modified kernel density technique that is
outlined below (Botev et al., 2010; Silverman, 1981). The modified kernel density equation
considers the redundant signal areas instead of single weights, and the signal distance
instead of using a standard distance and fixed radii determined by the traditional equation

Equation 1: Weighted distance formula where Wi is the weight for feature i, and
(Wwi, Ywi, Zw) represent the Weighted mean Center for a given coordinate set
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(ESRI, 2011). Two components need to be calculated prior to signal evaluation. The first
is the weighted distance (SDw), in which location points are weighted by the feature (in this
case redundancy) and multiplied by the representative weighted mean center (Equation 1).
The weighted mean center is calculated by multiplying the coordinates available for a given
point (x,y,z) by the redundancy (feature) weight and summing for all the coordinates
individually. This value is then divided by the sum of all the weights.
The next component is the search radius or for our purpose the bandwidth (Equation 2).
The previous equation (Equation 1) which provides weighted mean centers for each
location enables us to solve for this. The search radius, or bandwidth, is calculated by
obtaining the mean center of the input points and weighing them by the redundancy value
calculated earlier in the project. The distance from the mean center then needs to be
obtained for all the points in the case area, and the medians (Dm) of these distances are
determined.

1
൰ × ሺ𝐷𝑚ሻ × 𝑛−0.02
𝐵𝑎𝑛𝑑𝑤𝑖𝑑𝑡ℎ ሺ𝛽ሻ = 0.9 × ඨ൬
lnሺ2ሻ
Equation 2: Search radius or “bandwidth” equation where Dm is the weighted median
distance from the weighted mean center, SD is the standard distance, and n is the sum
of the population (redundancy in this case).
Bandwidth can then be calculated by multiplying SDw or the Dm by constants and the n
value for the case area. This calculation is completed using both SDw and Dm. The
calculation with the smallest final bandwidth estimate is used later on for kernel estimation.

9

In this case study, Dm resulted in the smaller bandwidth value, and was used in the equation
(Equation 2).
With both values formulated, we can calculate the Signal Density Equation:

The density value is then multiplied by the sum of the redundancy value, so that the final
value is equal to the number of total observations rather than equal to 1.
This whole process is performed for each point of redundancy, and the resulting values are
exported spatially. Values are then mapped to the center of a raster “cell” (size determined
by the point data density of the project) and can be mapped and scaled accordingly. This
results in a map displaying redundancy-scaled signal density values in an area.
This process was performed using active 4G cell sites and their respective signal ranges,
and for the same 4G cell site locations using 5G predictive ranges.

2.3 4G/5G Signal Strength Redundancy Analysis
Signal repetition is critically important for areas that have high population density. In order
to quantify this, focal statistics from one cell site to its radial bounds needs to be compared
to its neighbor(s) (Bryn et al., 2013). This is achieved using a four-step process. The first
step is to relate a given cell site with the number of radii that it intercepts. This is
accomplished by a one-to-many relationship in which a single cell site is referenced to the
number of cell circumferences that it intercepts. This counted number is then assigned to
10

the cell site as a new field. A simple calculation of subtracting the join count by one will
allow the actual count to omit the base cell. The cell coverage polygons are then rasterized
in order to assign a given value to each cell within the sample area. Focal statistics are then
performed in a annul method aligned with the cell coverage perimeter for each cell. This is
performed in a sequence as follows:
1. The annulus shape is comprised of two circles defined by the cell size. The data scientist
defines a smaller circle inside an outer perimeter circle; thus, the processing shape
resembles that of a donut. Cell centers that intersect the inner radius perimeter of the cell
inside the radius of the larger perimeter cell are processed for the given neighborhood. The
area in which this process occurs becomes a single annulus neighborhood. This process is
performed on each cell in the processing area.
2. The radius of a cell is identified in meters based on the radial output of the signal range.
The size is then measured perpendicular to the x- or y-axis. The resulting radii produce an
area that closely resembles the area calculated for the signal range. Any cell center
encompassed by the annulus is included in the annulus processing neighborhood.
3. For the 4G interaction, the annulus neighborhood changes for each cell as the signal
range varies. For the 5G analysis, the neighborhood area is set to 300 meters, as this is our
defined signal range (Verizon Wireless, New York, NY, USA).
The results of these analyses are exported as a raster with a weight assigned to each cell.
The weight is representative of overlap redundancy for a given pixel. This can then be used
to determine the overall signal strength at any point. The determination of signal strength
11

assumes that the radial neighborhood is a perfect circle. In reality, the signal radius of an
antenna can vary in shape based on many of the conditions previously discussed.

2.4 Generating a Cell Signal Coverage Map
A simple raster calculation of spatial averages allows us to obtain overall cell signal
coverage. By multiplying the cell values of both the signal density and signal strength
redundancy analyses across individual cells, then dividing each cell by two (average), we
can obtain the overall coverage for both 4G and 5G signals. To properly display the results
on a map all the raster cells need to be normalized. To do this, a simple normalization was
performed, and the outputs were scaled so that each of the four data sets reflect the same
ranges. The output of this calculation gives an index scale from 0-250, where 250
represents the strongest signal and zero represents no signal at all.
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3 Results
Results from the analyses described above show that cell signal density is highly
comprehensive and cellular coverage is average to excellent throughout the city of Detroit
for 4G technologies. Cell signal density is high along main roadways, but poor throughout
the rest of the city of Detroit for 5G technologies. Cellular coverage is extremely poor
throughout the city of Detroit for 5G technologies, with coverage along major roadways
bordering on average. Results are described in more detail in the following two sections.

3.1 Predicted 5G Signal Density in Detroit, MI
Signal density as calculated in Chapter 2.2 was plotted within the city of Detroit boundaries
for both 4G (Figure 2) and 5G (Figure 3) technologies. Within Figures 1 and 2 areas
represented by warm colors represent low signal density (or low levels of overlapping
signal) and cool colors represent high signal density (or high levels of overlapping signal).
Cell tower sites are not plotted separately on this figures, rather signal density within 9 m2
geographical map cells is plotted.
Signal density for 4G technologies is very high within the city of Detroit, represented by
the abundance of cool colors plotted on the map (Figure 2). This indicates that within city
boundaries 4G signal is abundant and should be capable of supporting large numbers of
devices and fast data transfer. Since 4G technology infrastructure has been established in
the city for several years, we expected signal density to be strong in the area. This initial
analysis confirmed this and indicates that the methods used can provide an accurate
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estimate of cell signal density and should provide useful information on the signal density
that could be achieved by 5G utilizing existing infrastructure.

Figure 2. 4G Signal Density in the City of Detroit: Signal density results plotted in
9 m2 map cells throughout the city of Detroit. Warm colors indicate low signal density
while cool colors indicate high signal density within individual map cells.
Signal density for 5G technologies is very low within the city of Detroit, represented by
the abundance of warm colors plotted on the map (Figure 3). Signal density near major
roadways was very high for 5G technologies. This indicates that by replacing existing 4G
cell towers with 5G cell tower technology would not provide enough signal throughout the
city. Low signal density observed throughout most of the city would indicate that 5G signal
is scarce and that minimal users would be connected to the network and would struggle
with smooth data use and transfer.
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Figure 3. 5G Signal Density in the City of Detroit: Signal density results plotted in
9 m2 map cells throughout the city of Detroit. Warm colors indicate low signal density
while cool colors indicate high signal density within individual map cells.

3.2 Predicted 5G Cellular Coverage in Detroit, MI
Cellular coverage was calculated as described in Chapter 2.4. This metric is an average of
cell signal density multiplied by cell signal redundancy and represents the real-world
capability of wireless devices to connect and transfer data relative to the power of the signal
provided by existing cell towers for 4G (Figure 4) and 5G (Figure 5) technologies. Cell
tower locations are not plotted on the maps. Again, cellular coverage is plotted within 9 m2
map cells within the city of Detroit. Warm colors represent poor cellular coverage while
cool colors represent strong cellular coverage.
Cellular coverage for 4G technologies is average throughout the majority of Detroit, as
represented by the predominance of yellow map cells in Figure 4. There are areas near
15

major roadways or meeting places with stronger cellular coverage and areas near the edge
of the city with poorer cellular coverage (Figure 4). Again, the results for 4G technology
confirm our understanding of 4G wireless coverage and indicate that the methods used to
estimate cellular coverage are accurate and will provide a good representation of what
cellular coverage will be for 5G technology. We expect that cellular coverage should be
average throughout most of the city, with certain locations having better or worse coverage
respectively. The results show in Figure 4 confirm these expectations and indicate that
wireless cellular devices should perform well within the city of Detroit.

Figure 4. 4G Cell Signal Coverage in the City of Detroit: Cellular signal coverage
results plotted in 9 m2 map cells throughout the city of Detroit. Warm colors indicate
poor coverage while cool colors indicate strong coverage within individual map cells.

Cellular coverage for 5G technology is extremely poor throughout the city of Detroit. This
is indicated by the nearly complete coverage of the map by red dots, which indicate 9 m 2
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map cells that would obtain poor cellular coverage (Figure 5). There are a few locations
near major roadways and meeting places in the city where cellular coverage would be
considered average, indicated by yellow map cells (Figure 5). In addition to this there are
areas on the map where cellular coverage could not even be quantified, which is
represented by areas showing the base map (Figure 5). This would mean that there would
be minimal to zero 5G coverage in those locations. Overall, this map indicates that simply
replacing 4G nodes with 5G nodes on existing cellular towers will not be sufficient to
produce average to excellent cellular coverage throughout the city of Detroit.

Figure 5. 5G Cell Signal Coverage in the City of Detroit: Cellular signal coverage
results plotted in 9 m2 map cells throughout the city of Detroit. Warm colors indicate
poor coverage while cool colors indicate strong coverage within individual map cells.
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4 Discussion and Conclusions
Signal density and cellular signal coverage results indicate that the existing cellular tower
infrastructure used for 4G technology will not be enough to support a 5G network within
the city of Detroit. This means that a significant investment to build and improve wireless
network infrastructure will be necessary in order to implement a successful 5G network.
This result is not necessarily surprising based on the higher frequency and shorter wave
lengths that make 5G technology significantly faster than 4G technologies (Chang et al.,
2014; Delmade et al., 2018). Ultimately this results in a smaller signal range radius for 5G
technologies as compared to 4G, which means that more cellular towers will be required
to create the signal density and redundancy required to generate sufficient and consistent
cell signal coverage.

4.1 Implications for 5G Network Implementation
Results from this study have important implications for the roll out of the 5G network.
While telecommunications companies may have anticipated a certain degree of
infrastructure development in order to obtain sufficient signal density and cellular coverage
due to the anticipated smaller signal radius of 5G technologies, they likely did not
anticipate how extensive this would need to be. 5G cellular coverage could not be
quantified in many areas of the map, and average cellular coverage was only achieved on
major roadways and the cultural center of the city (Figure 5).
A calculation subtracting the 5G cellular coverage results from the 4G cellular coverage
results in each map (Figures 4 & 5) cell indicates that an estimated 166% more 5G nodes
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would need to be installed throughout the city in order to meet the current level of 4G signal
present in the city. This will require a significant investment in infrastructure solely within
the city of Detroit that will take years to complete. In addition to this, these poor 5G
coverage results were obtained within a city that likely has greater 4G coverage as
compared to suburban and rural areas. The effort and cost that would be required to create
a 5G network in these less densely populated areas is difficult to imagine.
Ultimately, it appears that the implementation of a 5G network will require total
infrastructure overhaul, not unsimilar to what was required when implementing the 3G and
4G networks in recent decades (Gozde et al., 2015; Hui & Yeung, 2003; Sigle et al., 2009).
While this has been achieved in the past, more 5G nodes at closer proximity will be
required in order to generate a comprehensive network, which differs from the wireless
network overhauls of the past (Hui & Yeung, 2003). There is also the possibility that the
necessary density of 5G nodes may be spatially challenging within our current cities and
towns (Ge et al., 2016; Liu et al., 2017).
Due to these challenges the implementation of a 5G network across the country may not
be logistically feasible. As such, the targeted use of 5G in major cities, and select
technological applications may be necessary. How to successfully do this in a cost-effective
manner will need to be considered in light of the challenges discovered during initial
attempts to implement the 5G network.
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4.2 Limitations of the Study
The analyses performed in this study were meant to provide reasonable estimates of 5G
signal density and cellular coverage. While we consider the estimates obtained in this study
as highly accurate based on results that confirm our current knowledge of the 4G network
in Detroit, there are of course factors that could not be accounted for in the calculations,
but that could affect the final results.
The first and likely most important limitation of this study was the assumption that 5G
towers have a fixed signal radius. Signal ranges for 5G nodes in a variety of settings have
not been well quantified to our knowledge. 4G signal ranges are known to vary, but this
given how different 4G and 5G signal waves are assuming the same type of variation in
5G signal ranges would be inappropriate. More work needs to be done in order to determine
factors that increase or decrease 5G signal range. This could then be incorporated into the
study in order to obtain finer resolution and more accurate results.
Related to signal range variance, this study did not consider the effect that obstacles like
buildings, atmospheric conditions, or changes in topography may have on 5G signal ranges
and coverage. This will ultimately become important when designing 5G network nodes
and networks in city areas as compared to rural areas, and in high elevation mountainous
areas as compared to flat areas at sea level. Similar to variance in signal range, the effects
of these factors are not known and could not be incorporated into the study. They will be
important to quantify though, as they will significantly impact infrastructure cost, needs,
and designs as 5G is implemented in more places throughout the country.
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A final limiting assumption in this study is that population density was assumed to be
equally distributed throughout the study area. This is an assumption that we know is not
true but is the best current option as small scale variations in population density are not
well documented for these purposes. This is important when considering 5G network
performance, as better cellular coverage is needed to support the use of more devices per
unit area. This may mean that high population and high traffic areas may require more 5G
nodes than what may be anticipated as the result of this work. Better assessment of
population fluctuations and high traffic areas would improve the results of this work.

4.3 Conclusions
In general, the results of this study show that 4G coverage has finally reached acceptable
cellular coverage levels within the city of Detroit. This is likely the case for most other
cities, and many suburban and rural areas, although there is still probably some
development necessary in rural areas. 4G was introduced nearly a decade ago, and we are
just not reaching acceptable coverage levels throughout the nation. This is important to
keep in consideration as we try to understand the amount of work required to implement
5G throughout the nation. Due to how many more 5G nodes will be required in order to
implement 5G it seems likely that it may take a decade if not longer until 5G has reached
acceptable coverage ranges within most major metropolitan areas in the nation.
This work showcases how different the infrastructural design of a 5G network is as
compared to 4G. It is quite clear that 5G will not be able to be implemented by simply
swapping out 5G nodes on 4G cellular towers. This will not provide sufficient cell signal
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density or coverage. More resources need to be used to properly plan and design the
infrastructural needs and design for the implementation of 5G in order to avoid excess costs
and decrease the amount of time needed to establish a 5G network in different areas.
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